In total, 185 unigenes were identified from 380 clones of postnatal skeletal muscle of Hainan Black goats by suppression subtractive hybridization (SSH) technology. Most of the differentially expressed genes involved energy metabolism and muscle contraction. The expression of 19 genes was analyzed in the longissimus dorsi muscles of 2-, 6-, 12-, 24-month olds, and four gene expression patterns were found by hierarchical cluster analysis. Most genes in first expression pattern belonged to myofibrillar proteins and had higher expression levels at 2 months old; genes of the secondary expression pattern had higher expression levels at 12 months old; tropomyoain 1 (alpha) (TPM1) was classified into the third expression pattern, and its expression level showed decreases tendency as age increased. Tropomyoain 2 (beta) (TPM2) was classified into the third expression pattern, which had the opposite expression pattern against TPM1.
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The development of skeletal muscle includes two major stages. The first wave of myogenesis takes place during embryogenesis and the progenitor cells from the central portion of the dermomyotome express Pax3 and Pax7 especially, 1, 2) with the participation of Wnts, Sonic, BMP4, and other regulatory factors.
3) Then they regulate the expression of muscle regulatory factors, such as Myf5 and MyoD, and induce muscle progenitor cells to form muscle cells. 4) During this period, some progenitor cells stop differentiation and become satellite cells. 5, 6) The secondary wave of myogenesis is postnatal skeletal muscle development, and the conspicuous feature is that the diameter and length of the muscle cells increase greatly, not the number of muscle cells. 7) The differentiation and proliferation of muscle cells are controlled by a series of genes, and these genes show regular expression patterns during myogenesis.
In recent years, many studies have focused on gene regulator networks in myogenesis in the rat, 8) the pig, 9) the cattle, 10) and the chicken 11) by microarray, PAGE and SSH. cDNA microarray and PAGE, which make it possible to analyze the expression of thousands genes in one study. But the sequences of the genes must be known, which limit usage in the goat for the little EST and mRNA sequence at present. The SSH can find differently expressed genes, especially for low expressed genes between tissues and cells and no matter what the sequences of the genes. Many functional genes had been found by SSH, 12) but, related research on Hainan Black goats has not been carried out. In this study, SSH technology was used to search for differently expressed genes during the development of the longissimus dorsi muscle in Hainan Black goats.
Materials and Methods
Animal selection and tissue sample collection. Sixteen healthy male Hainan Black goats were selected (2-, 6-, 12-, and 24-month olds: four male goats each) to collect longissimus dorsi muscle, gluteus, heart, and kidney tissues. All the samples were collected within 15 min after exsanguination and were immersed in liquid nitrogen immediately until analysis.
Total RNA extraction. Total RNA was isolated from all the samples using the RNAiso plus kit (Takara, Dalian, China), and RNA integrity was tested by 1.2% denaturing agarose gel electrophoresis. RNA quantity was estimated by measuring the spectrophotometric absorption at 260 nm in a Nanodrop ND-1000 Ò Spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA).
Suppression subtractive hybridization (SSH) library. Doublestranded cDNA was produced using the PCR-Select cDNA Subtraction Kit (Clontech, Palo Alto, USA) following the manufacturer's protocols. A tester library was prepared with 1.0 mg of pooled longissimus dorsi muscle RNA from four male Hainan Black goats at 2 months of age. A driver library was prepared with the same amount of pooled longissimus dorsi muscle RNA from four male Hainan Black goats at 24 months of age. The efficiency of subtraction was estimated by comparing the abundance of a housekeeping gene (GAPDH) before and after subtraction by quantitative RT-PCR. Subtractive PCR was y To whom correspondence should be addressed. Tel/Fax: +86-898-23300414; E-mail: zhouhanlin8@163.com Abbreviations: COQ3, coenzyme Q3 homolog, methyltransferase; GNG5, guanine nucleotide binding protein (G protein), gamma 5; MLC1, myosin light chain 1; MLC2, myosin light chain 2; MLTK, mitogen-activated protein kinase kinase kinase; MYBPC1, myosin binding protein C, slow type; SLN, sarcolipin; SMPX, small muscle protein, X-linked; TPM1, tropomyosin 1 (alpha); TPM2, tropomyosin 2 (beta); ZC3H15, zinc finger CCCH-type containing 15; ZFP106, zinc finger protein 106 homolog; CA3, carbonic anhydrase III; ACSL1, acyl-CoA synthetase long-chain family member 1; TOB1, transducer of ERBB2, transcript variant 1 carried out after 20 cycles of primary PCR and 22 cycles of secondary PCR with LA-Taq DNA Polymerase (Clontech, Palo Alto, USA).
Cloning and sequencing. cDNA fragments of the differentially expressed genes were cloned into pMD-19T plasmid vector (Takara, Dalian, China) following the manufacturer's instructions, and the recombined plasmid was transferred into E. coli DH5 cells. Bacterial culture PCR was conducted to identify the empty vectors, those with less than 100 bp insert or contaminant clones.
Sequence analysis. Vector sequences were removed using the Phred program (version: phred 0.020425.c), and the low-quality sequences were filtered by cross match program (version: 0.990329). EST assembly was performed by the phrap program (version: 1.080812), and unigene sequences were compared with a non-redundant nucleotide database and a protein database using BLAST and BLASTX respectively. Unigene functional categorization was done through gene ontology terms, such as biological processes, cellular components, and molecular functions. The high-quality EST sequences were submitted to the GenBank database (JK033736-JK034019).
Quantitative RT-PCR analysis. Total RNA from the longissimus dorsi muscle, gluteus, heart, and kidney tissues of Hainan Black goats was treated with DNase I recombinant (Roche, Shanghai, China) and was reverse transcribed into cDNA using a PrimeScriptÔ RT reagent Kit (Takara, Dalian, China) in 15 mL volume. The reaction mixture, containing 1 mL, DNase I-treated RNA template and 0.75 mL of random hexamers (100 mm), was heated at 70 C for 3 min to denature the RNA, and then was incubated on ice for 5 min. The remaining reagents were added as specified in the protocol, and the reaction proceeded for 1 h at 42 C, followed by incubation at 70 C for 15 min. For the analysis of gene expression patterns, the resulting single strand cDNA was 3-fold diluted and assayed as template by real-time PCR (Table 1) Statistic analysis. Genes expression between different stages was analyzed by one-way ANOVA, followed by Fisher's protected LSD for pairwise comparison. Hierarchical cluster analysis was used to identify the expression patterns among the genes.
13)

Results
General overview of subtractive cDNA libraries A total of 380 clones were sequenced (216 clones from the postitive library and 164 from the negative library), and this yielded 363 ESTs (205 ESTs from the postitive library and 158 from the negative). After assembly and clustering, 185 unique transcripts were obtained. All statistical analyses were normalized by GAPDH, the results showed that the subtraction efficiency was 4.1-fold for the forward subtractive library and 3.5-fold for the reverse subtractive library.
Annotation of unigenes BLAST analysis indicated that 181 unigenes had significant similarity to known homologous sequences, including 95 known mRNAs, 70 mitochondrion DNAs, and 16 genomes of cattle, sheep and goat. Twenty unigenes had no significant similarity to any sequences in any organism. The results of blast are shown in supplementary file 1 (see Biosci. Biotechnol. Biochem.
Web site).
Gene ontology and KEGG analysis Gene ontology analysis was carried out using the GoAnna program, and results showed three ontology categories (Fig. 1A , B, and C respectively). In the category ''Biological process,'' 23% of unigenes took part in mitochondrial electron transport and 16% took part in the respiratory electron transport chain. The most frequent activity in ''Cellular component'' was membrance (46%), followed by intracellular (14%), and integral to membrane (13%). This indicates that most of the annotated unigenes belonged to membrane protein.
Concerning the category of ''Molecular function,'' 17% unigenes participated in electron carrier activity and 16% unigenes in cytochrome-c oxidase activity, followed by oxidoreductase activity (12% unigenes). This indicates that almost half of the annotated unigenes participated in metabolism. 185 unigenes were blasted with the KEGG database, and the results indicated that 102 unigenes were involved in 11 pathways, including seven energy metabolism pathways, one muscle contraction pathway, and three nervous system diseases pathways.
Analysis of differentially expressed genes
Most of differently expressed genes derived from the longissimus dorsi muscle of Hainan Black goats involved energy metabolism, muscle contraction, signal transmission, and the synthesis or degradation of proteins.
Many energy metabolism-related genes, including ZFP106, ATP synthase, COQ3, HSD17B10, ATP50, CA3, PGK1, CYTB, ALDOA, Cox8B, and NDUFA4, were derived from longissimus dorsi muscle in 2 months of age Hainan Black goats. ACSL1 was derived from the longissimus dorsi muscle in 24 months of age Hainan Black goats. This gene encodes an enzyme controlling the metabolism of fat. At 2 months of age, Hainan Black goat grows fast and needs more energy, so the energy metabolism-related genes express highly, while the 24 months of age Hainan Black goat has a low growth rate and high body fat percentage, which enhances the expression of ACSL1 to promote the use of body fat.
Many genes encoding proteins for muscle contraction, SMPX, Myosin, Myoglobin, MYBPC1, DES, TPM2, PLS3, GJA1, Actin, MYL2, MyLPF, and MYBPC1, were derived from the longissimus dorsi muscle in 2 months old Hainan Black goats. This can be explained by the fact that fastest growth rate of Hainan Black goats is at 2 months, and hence they need many proteins to build muscle fiber, so the expression of these genes rises at this stage.
The development of muscle is precisely controlled by regulatory genes. Many genes related to the control of apoptosis, metabolism, cell life cycle, and cell differentiation were derived from the longissimus dorsi muscle, Annexin A4, SKIP, SSBP2, VDAC5P, GNG5, and Cyclin, in 2 months of ageSSH library and SHOC2, PPP3CA, RBM26, TOB1, SMYD1, and YWHAE in 24 months of age SSH library of Hainan Black goats.
The fast development of skeletal muscle also requires many proteins and genes for the biosynthesis of proteins, and some genes, COPS4, RPL18, RPS27, EIF4A2, HSP90AB1, and HSPA8, derived from the longissimus dorsi muscle in 2 months of age Hainan Black goats, can meet the need. All these genes take part in the synthesis and folding of new proteins. UBR3 is a ubiquitin ligase related to the degradation of protein. It was derived from the longissimus dorsi muscle in 24 months of age Hainan Black goats. This different gene expression of the UBR3 gene in the two stages indicates that protein synthesis in 2 month olds is faster and the rate of protein degradation is enhanced in 24 months of age, which is synchronous with the growth of Hainan Black goats.
SLC1A3 encodes membrane protein, that transports L-glutamic acid through the cytomembrane, and SYPL1 is related to the synaptic transmission. These genes are highly expressed in nervous tissues and were also found in skeletal muscle in this study.
Time-series expression patterns of various expressed genes
Four gene expression patterns were found by hierarchical cluster analysis. Genes in the first pattern (ZFP106, ZC3H15, COQ3, SLN, Myoglobin, MLC1, MLC2, MYBPC1, SKIP, CA3, and comparative gene identification 20-like) had high expression levels in 2 months of age and showed descending tendency as age increased (Fig. 2) . This expression pattern is consistent with the development of skeletal muscle in Hainan Black goats. Most genes in the first expresson pattern encoded skeletal muscle myofibrillar proteins. In the second pattern, the genes (GNG5, SMPX, CD36, and MLTK) had high expression levels in 12 months of age (Fig. 3) and their functions involved signal transduction (GNG5), immunity (CD36), the regulation of muscle contraction (SMPX), and apoptotosis (MLTK).
TPM2, ACSL1, and TOB1 belonged to the third pattern, which showed an ascending tendency as age increased (Fig. 4) , and TPM1 belonged to the fourth pattern, with high expression levels in 6-, and 12-month olds (Fig. 5) . TPM1 and TPM2 regulate actin-myosin interaction, the contraction of muscle, and the functions of the actin cytoskeleton, but their time-series expression patterns showed significant differences, and this indicates that they make different contributions to the development of muscle in the goat.
Discussion
Functions of differently expressed genes Muscle development requires a great deal of energy and many proteins. Many genes derived from 2 months of age Hainan Black goats were related to energy metabolism and protein biosynthesis. Some of the differently expressed genes were specially expressed in skeletal muscle, such as CA3, which catalyzes CO 2 and H 2 O to form carbonic acid, and has an important role in the transport of CO 2 in muscle tissue.
14) The expression of CA3 showed a descending tendency with the development of muscle, 15) and this is consistent with the fact that CA3 was found in the longissimus dorsi muscle of 2 months of age Hainan Black goats. ACSL1 is highly expressed in white adipose tissue and catalyze the conversion of fatty acids into their acyl-CoA derivatives. 16) Acyl-CoAs has multiple roles including oxidation and incorporation into phospholipids, cholesteryl esters, and triacylglycerol. Hence ACSL1 is thought to be important for triacylglycerol formation. The different gene expression levels relate to the different muscle development stages.
In this study, we focused on searching for the genes, that control the development of skeletal muscle and concerned the differently expressed regulator genes. The heterodimers of SHOC2 and Raf1 can enhance the function of Ras 17) and control the coures of apoptosis. 18) TOB1 is a SH3/SH2 adaptor, positively regulating cell proliferation, including cancer cells, 19, 20) by blocking the cell cycle at the G0/G1 stage.
21) It also controls posttranscriptional control of mRNA and heterochromatin modification. 22) SMYD1 is a methyltransferase that has a high expression level in muscle tissue. It is reported that SMYD1 causes methylation of the histone tail (H3K4) by the SET domain and blocks heterochromatinization. 23 ) H3K4 methylation of histone tail activates specific genes, and the various phases of methylation in histone tail have different results. 24) SRF and myogenin can bind the specific promoter region of the SMYD1 gene and significantly raise the expression level of SMYD1 in cardiac muscle cells. The E-box might be the binding site of myogenin. The high expression of myogenin can promote the differentiation of myoblasts and the form of the myotube, and hence SMYD1 is regarded as a key regulator gene in controlling the development of skeletal muscle. 25) RBM26 is a multi-purpose gene, and the homologous gene RBM4 is highly expressed in skeletal muscle and cardiac muscle. 26) RBM4 has multiple roles in mRNA metabolism and translation control. The heterodimers of RBM4 and Argonaute2 can inhibit the expression of specific genes during the differentiation of myoblasts. 27) RBM4 can also inhibit gene expression by improving muscle-specific miRNA. SKIP can associate with receptor protein of vitamin A or vitamin D to enhance the expression of genes regulated by vitamin A, vitamin D, estrogen, or glucocorticoids. 29) It can also interact with Poly (A)-binding protein 2 and affects the post-transcriptional control of specific genes.
30) It was derived from the longissimus dorsi muscle of 2 months of age Hainan Black goats, and this indicates that it might play an important role in energy metabolism control at this stage. UBR3 can improve the conjunction of ubiquitin with the target protein 31) and abnormal expressionof it in the central nervous system causes critical disease, even death at birth. 32) COPS4 is a conservative gene that participates in many signal pathways though COP9 signalosome, including protein degradation by SCF-type E3 ubiquitin ligases. 33) UBR3 can promote the degradation of protein. it derived from the longissimus dorsi muscle of 24 months of age, while many genes related to protein biosynthesis were derived from the longissimus dorsi muscle of 2 months of age. This suggests that protein biosynthesis is more intensive in 2 months of age than 24 months of age Hainan Black goats.
Analysis of time-series expression patterns
Nineteen genes were analyzed in the longissimus dorsi muscle in 2-, 6-, 12-, and 24-month of age of Hainan Black goats by real-time RT-PCR. Most of these genes took part directly in control of skeletal muscle development and muscle contraction. The expression of these genes showed regular changes from 2 months to 24 months in longissimus dorsi muscle. Four gene expression patterns were found by hierarchical cluster analysis. In this study, most of the structural protein genes, such as Myoglobin, Myosin light chain 1, Myosin light chain 2, and MYBPC1, belonged to the first pattern, which Total RNA was extracted from longissimus dorsi muscle of 2-, 6-, 12-, and 24-month-old Hainan Black goats, and the mRNA levels of the indicated genes were measured by qRT-PCR. The relative expression level (mean value AE SD) was obtained after normalization to GAPDH.
showed high expression in 2 months of age. This gene expression pattern is coincident with the development of skeletal muscle in Hainan Black goats.
Two genes of the first expression pattern have significant characteristics. ZFP106 has a myogenic regulatory factor binding site in the promoter region, and plays an important role in energy metabolism. 34, 35) Its expression level is higher in the cardiac muscle in the Tibetan chicken than in the Shouguang chicken, and this suggests that ZFP106 adaptsTibetan chicken to a highaltitude environment. 36) Sarcolipin encodes a transmembrane protein, and inhibits Ca 2þ -ATPase in sarcoplasm. Sarcolipin is highly expressed in the fast-twitch skeletal muscle but only slightly expressed in slow-twitch skeletal muscle. 37) The expression level of Sarcolipin rises 50-fold in the ventricular muscle of the myocardial hypertrophy rat 38) and it indicates that sarcolipin is related to myopachynsis. The expression of sarcolipin was coincident with the development of muscle in Hainan Black goats in this study. In fact, muscle fiber hypertrophy plays important role in the postnatal development of skeletal muscle.
The expression patterns of TPM1 and TPM2 were significantly different in this study. Four TPM genes have been identified in mammals, named TPM1, TPM2, TPM3, and TPM4 respectively. TPM1 and TPM2 show high expression levels in adult skeletal muscle. 39) TPM1 is an -helical, coiled-coil homodimeric thin filament protein that takes part in the process of muscle contraction. Mutation of TPM1 can decrease the affinity of Ca 2þ with troponin and affects contraction force of muscle. 40) It has been reported that mutation of TPM1 can induce dilated cardiomyopathy 41) and hypertrophic cardiomyopathy 42) in human. Mutation of TPM2 can induce distal arthrogryposis and autosomal dominant congenital myopathy. 43) This suggests that TPM1 and TPM2 play important roles in the development and function of muscle.
Conclusion
In total, 185 different expressed genes were found in the longissimus dorsi muscle of Hainan Black goats by SSH. Most of them take part in energy metabolism, muscle contraction, signal transduction, biosynthesis, and the degradation of proteins. The expression of 19 genes was analyzed in the longissimus dorsi muscle at 2-, 6-, 12-, and 24-months of age by real-time RT-PCR and the results indicated that most of the structural protein genes had showed high expression levels at 2 months of age, which is consistent with the development of skeletal muscle in Hainan Black goats. The expression of GNG5, SMPX, CD36, and unknown clone E46 had showed levels at 12 months of age. The expression of TPM1 showed a descending tendency as age increased, but TPM2, ACSL1, and TOB1 showed ascending tendencies. Relative expression Age (months) Age (months) Age (months) Fig. 4 . Genes in the Third Expression Pattern. Total RNA was extracted from longissimus dorsi muscle of 2-, 6-, 12-, and 24-month-old Hainan Black goats, and the mRNA levels of the indicated genes were measured by qRT-PCR. The relative expression level (mean value AE SD) was obtained after normalization to GAPDH. Total RNA was extracted from longissimus dorsi muscle of 2-, 6-, 12-, and 24-month-old Hainan Black goats, and the mRNA levels of the indicated genes were measured by qRT-PCR. The relative expression level (mean value AE SD) was obtained after normalization to GAPDH.
